To assess the performance of model-based iterative reconstruction (MBIR) technique for evaluation of coronary artery stents on coronary CT angiography (CCTA). Materials and Methods: Twenty-two patients with coronary stent implantation who underwent CCTA were retrospectively enrolled for comparison of image quality between filtered back projection (FBP), adaptive statistical iterative reconstruction (ASIR) and MBIR. In each data set, image noise was measured as the standard deviation of the measured attenuation units within circular regions of interest in the ascending aorta (AA) and left main coronary artery (LM). To objectively assess the noise and blooming artifacts in coronary stent, we additionally measured the standard deviation of the measured attenuation and intra-luminal stent diameters of total 35 stents with dedicated software. Results: All image noise measured in the AA (all p < 0.001), LM (p < 0.001, p = 0.001) and coronary stent (all p < 0.001) were significantly lower with MBIR in comparison to those with FBP or ASIR. Intraluminal stent diameter was significantly higher with MBIR, as compared with ASIR or FBP (p < 0.001, p = 0.001). Conclusion: MBIR can reduce image noise and blooming artifact from the stent, leading to better in-stent assessment in patients with coronary artery stent.
INTRODUCTION
A sizable segment of the population will undergo coronary artery stent implantation in their lifetime. They require frequent follow-up for stent patency; hence, noninvasive, low radiation dose imaging technique to rule out in-stent re-stenosis is desirable (1) . Coronary CT angiography (CCTA) has been used for this purpose, and the evaluation of larger (≥ 3 mm) coronary artery stents is considered appropriate according to current guidelines (1) (2) (3) (4) (5) (6) (7) . Two recent meta-analyses demonstrate the high diagnostic value of CCTA with sensitivities and specificities > 90% when non-evaluable stents are excluded (1, 8, 9) . However, these studies also confirm CCTA's long recognized limitations of blooming artifact, which can cause a decrease in diagnostic image quality or even render studies non-diagnostic (1, 4) . Therefore, it is important to reduce both noise and blooming artifact for a better quality CCTA image, in the evaluation of coronary artery stents.
Improved computing power has led to the introduction of iterative reconstruction into the clinical arena, and its beneficial effects throughout the body are reported (1) . Improved image quality, reduction in image noise, and the potential for radiation dose savings are demonstrated, as compared with traditional filtered back projection (FBP) (1, (10) (11) (12) . Several studies showed that iterative reconstruction techniques could reduce image noise and blooming artifacts when heavy calcifications or stent are present in coronary arteries (1, 13 prove the imaging evaluation of coronary artery stents and have the potential to substantially reduce the radiation dose (1, 14) .
Recently developed model-based iterative reconstruction (MBIR) technique is a raw data based 3-dimensional image reconstruction method (15) . It does not involve blending with FBP images, and is mathematically more complex and accurate than ASIR techniques (16) . Several studies showed that MBIR images, as compared with ASIR and FBP images, have equivalent or better image quality with a substantial decrease in image noise and potential to reduce radiation dose on CT images of cardiac, liver, lung and cervicothoracic region (15) (16) (17) (18) .
However, to the best of our knowledge, there is no data regarding the potential usefulness of MBIR for evaluation of coronary artery stent. Therefore, the purpose of this study was to assess the performance of MBIR technique for evaluation of coronary artery stent using CCTA in comparison to ASIR and the traditional FBP algorithm.
MATERIALS AND METHODS

Patients
The study was approved by our Institutional Review Board that waived the need for individual informed patient consent.
The study population consisted of consecutive 33 patients of post-percutaneous coronary intervention status with stent implantation who underwent CCTA within 12 months for risk assessment due to prior positive ischemic equivalents (1-3). Exclusion criteria were images with poor quality due to motion artifact, small caliber of vessel diameter less than 2.5 mm, in-stent restenosis on previous follow-up conventional angiography, and insufficient medical records. After exclusion of 11 patients, CT images of 22 patients (13 men, 9 women; mean age 66.27 ± 10.16 years, 35 coronary stents) were analyzed (Tables 1, 2 ).
Image Acquisition
CCTA were performed using a 256-slice MDCT scanner (Brilliance iCT; Philips Medical Systems, Best, the Netherlands).
The parameters were detector configurations: 256 overlapping slices of 0.625-mm thickness and a dynamic z-focal spot; gantry rotation time, 0.27 seconds; tube voltage, 120 kVp; and 800-1050 mAs (depending on patient habitus). Prior to CCTA, all patients with a baseline heart rate over 70 beats per minute (bpm) received intravenous esmolol (10-30 mg; Jeil Pharm, Seoul, Ko- rea). Nitroglycerine (0.6 mg) was immediately administered sublingually to all patients before contrast injection, with the exception of patients with a contraindication to nitroglycerin (19, 20) . A bolus of 70 mL of iomeprol (Iomeron 400; Bracco, Milan, Italy) was injected intravenously (4 mL/s), followed by a 50-mL saline chaser. A region of interest (ROI) was placed in the descending thoracic aorta, and image acquisition was automatically initiated 7 seconds after a selected threshold [150 Hounsfield units (HU)] had been reached with bolus tracking. Details of data acquisition are described previously (19) . Patients with heart rates < 70 bpm underwent CCTA using a prospectivelytriggered axial technique, and patients with heart rates > 70 bpm underwent a retrospectively-gated helical technique. Details of MBIR reconstruction are described previously (17) . After a pilot study with 15 cases, soft-tissue kernel was selected as the optimal type to reconstruct the CT images.
Measurement of Image Noise and Stent Lumen Diameter
All images were reviewed and interpreted on dedicated workstation by two radiologists. In each data set, one observer measured image noise, which was defined as the standard deviation (SD) of the measured attenuation (in HU) within circular ROIs in the ascending aorta and left main coronary artery (LM). The size of the ROIs was adapted to account for anatomic differences of our patients, representing an area that was not too small as to be affected by pixel variability and not so large as to approach the edges of the vessel. However, between the different reconstruction approaches, the ROI size was kept constant within each patient. We compared these parameters between the three reconstruction settings.
We also measured the stent lumen diameter in portions free of stenosis on curved multi-planar images acquired with the FBP, ASIR, and MBIR algorithm, in order to objectively assess the reduction of blooming artifact in coronary stent by each reconstruction method. Using dedicated software, in-stent lumen maximal diameter was calculated automatically. The window width and level was set at 1500 and 300 HU, respectively.
Statistical Analysis
Statistical analysis was performed using dedicated statistical software (SPSS 12.0, SPSS Inc., Chicago, IL, USA). Noise and in-stent diameters were expressed as mean ± SD and compared using paired t-test and repeated measure ANOVA. A p-value of < 0.05 was considered statistically significant. Interobserver agreement was determined by intra-class correlation coefficient.
RESULTS
Patient demographics and scan parameters on CCTA were provided in Table 1 . Image noise with MBIR in the ascending aorta was significantly lower, as compared to those with FBP and (Fig. 2) . Interobserver agreements were between 0.958 and 0.977.
Image noise with MBIR within coronary stent was significantly lower, as compared to those with FBP and ASIR (all p < 0.001) (Fig. 3) . The mean values of image noise were 39.39 ± (Fig. 4) . Interobserver agreements were between 0.720 and 0.907.
In-stent diameters with MBIR showed significantly higher value, as compared to those with ASIR and FBP (p < 0.001, p = 0.001), which indicated that the reduction of blooming artifact was best on images with MBIR than those with ASIR and FBP (Fig. 3) . The mean values of intraluminal stent diameter were 1.67 ± 0.45 with FBP, 1.75 ± 0.43 with ASIR, and 1.80 ± 0.43 with MBIR (Fig. 5) . Interobserver agreements were between 0.990 and 0.994.
DISCUSSION
The main findings of the present study were as follows: 1) All image noise was significantly lower with MBIR in comparison to those with FBP or ASIR. 2) Intraluminal stent diameter was significantly higher with MBIR, as compared with FBP or ASIR.
Our study showed that the application of MBIR in patients with coronary stent could improve the image quality, as compared to FBP or ASIR, in terms of reduced noise and blooming artifact. qualify blooming artifact, we adopted quantitative method by measuring the intraluminal stent diameters using dedicated software. Moreover, other studies reported that ASIR technique provides improved in-stent lumen visualization by reducing noise or blooming artifact in the evaluation of coronary stent using CCTA at a lower radiation dose. However, they are either studies with phantom only (14) or those that do not include MBIR (1, 14) .
This study is meaningful, since it is the first to evaluate in-stent image quality in CCTA with MBIR.
From a clinical viewpoint, the expected increased accuracy and reliability in diagnosing in-stent stenosis could be extended to clinical applicability in follow-up-patients with implanted There are several limitations to be considered in our study.
First, we did not provide the diagnostic accuracy of MBIR in the evaluation of in-stent restenosis using CCTA; hence, further study will be needed. Second, due to the limited size of the study population, we did not conduct subgroup analysis according to the diameter of coronary stent, which could possibly have biased the results. Third, despite improved image quality and instent lumen visualization, we did not assess the diagnostic accuracy of disease such as in-stent restenosis in coronary stent on CCTA using MBIR. Fourth, potential radiation dose reduction using MBIR can only be assumed and is without definite evidence, because the image quality of MBIR was compared with other reconstruction methods at the same radiation dose settings. Further studies are needed to compare the image quality of MBIR in reduced radiation dose setting, with those of other reconstruction techniques in conventional radiation dose settings.
Fifth, our study did not provide intraobserver agreement. We considered that calculation of intraobserver agreement would be unhelpful, because the observers measured noise and diameter using dedicated software. Sixth, we did not include signal to noise ratio and contrast to noise ratio in this study.
In summary, the results of our study suggested that MBIR could provide significant improvement of image quality, as compared to FPB or ASIR by reducing noise and blooming artifact in the evaluation of coronary stent on CCTA. MBIR has the potential to enhance diagnostic accuracy of in-stent stenosis or reduce the radiation dose in the evaluation of coronary stent.
